In this paper, a new and efficient cascade decision based filtering algorithm for the removal of high density Salt and Pepper Noise in images is proposed. The proposed algorithm is a cascaded filter employing a Modified Decision Based Median 
Introduction
Images are corrupted by Salt and Pepper noise during their transmission over channels due to faulty communication [1] , [2] . Salt and Pepper noise is also known as Impulse Noise. The objective of Signal Processing is to remove randomly occurring salt & pepper noises without disturbing edges [3] . A large number of algorithms have been proposed to remove this noise while still trying to preserve image details.
Noise removal can be achieved by the use of linear filters which are favored due to their mathematical simplicity and the existence of unifying linear system theory. Most of the linear filters minimize the Mean Squared Error (MSE) criterion and it provides optimum performance if the noise is additive and Gaussian. However the problem with linear filter is that they fail when the noise is non-additive which results in unsuccessful removal of salt and pepper noise.
The best known and most widely used non-linear digital filters based on the order statistics [4] are median filters. Median filters are known for their capability to remove the salt and pepper noise while still preserving the edges. Standard Median Filter (SMF) replaces the value of a pixel by the median of the intensity levels in the neighborhood of that pixel [5] . The main disadvantage of this type of filter is that they only work for low noise densities. At high noise densities, SMF exhibits blurring for large window sizes and is unable to suppress noise for small window sizes [6] [7] .
The Adaptive Median Filter is another type of non-linear median filter which performs well if the spatial density of the salt and pepper noise is not large. This filter identifies possible noisy pixels and replaces them using the median filters while leaving all other pixels unchanged. The advantage is that it seeks to preserve detail while smoothing non-impulse noise [5] . The Alpha Trimmed Mean Filter (ATMF) [4] and Alpha Trimmed-Midpoint Filter (ATMP) [1] are another type of commonly used non-linear filter. These filters are number of value that are trimmed.
The Decision Based Algorithm (DBA) processes only the noisy pixel by identifying them by their intensity values. Generally the salt and pepper noise introduces pixels with intensities either minimum or maximum (0-255, 8-bit image) [8] [9] . The noisy pixel is replaced by the median/mean/mid-point value of the window or by its neighborhood values. For high density salt and pepper noise it might so happen that the replaced pixel (median/mean) might be a noisy pixel which does not help in suppression of noise.
The Modified Decision Based Algorithm (MDBA) is a derivative of DBA where the median/mean/midpoint is calculated by eliminating the entire noisy pixels from the window. During high density salt and pepper noise the MDBA fails when all the pixels in the window are noisy pixels.
The Progressive Switching Median Filter (PSMF) [10] is a modified form of the basic switching median filter. The detection and removal of salt and pepper noise are recursively done in two separate stages. This filter provides improved filtering performance than most of the median filters but it has a very high computational complexity due to its recursive nature.
The Modified Decision Based Unsymmetric Trimmed Median Filter replaces the noisy pixel by the trimmed median value (excluding the either 0 or 255 the noise pixel is replaced by the mean value of all the elements present in the current window.
In order to compensate for the above shortcomings of each filter, a new cascaded filter is proposed in this paper which removes the noise as high as possible, without blurring the image and retaining as much sharp edges as possible. The proposed algorithm contains a modified decision based filter followed by a new algorithm that calculates the noisy pixel replacement. The difference between the edges along different directions in the window is calculated and then there mean is generated. Now the maximum difference between two edges along the prescribed directions ( Fig. 2) is found. The lowest edge intensity in this difference is added with the mean which becomes the replacement for the noisy pixel. This proposed algorithm shows better results when compared with other non-linear filters in terms of Peak Signal-to-Noise Ratio (PSNR), Mean Square Error (MSE) and Mean Absolute Error (MAE). Also the proposed algorithm is tested on different images and their respective PSNR are found and compared with those of other standard non-linear filters. The Sec. 2 of this paper describes the proposed algorithm followed by the Sec. 3 describing the Simulation results which compares the performance of our proposed algorithm with that of other standard algorithms. This is followed by Conclusion in Sec. 4 and References.
Proposed Algorithm
This section describes the proposed algorithm by breaking it down to stages.
Modified Decision Based Median Algorithm (MDBMA)
The first stage of the proposed algorithm is the modified decision based median algorithm. The algorithm for MDBMA is as follows:
Step 1: A 2D 3x3 window is selected. Let P xy be the processing pixel which lies at the center of the window.
Step 2: If P xy > 0 and P xy < 255 then P xy is a noise-free pixel. It is not processed.
Step 3: Else P xy window.
Step 4: Move the 3x3 window to the next pixel.
Step 5: Repeat steps 2 to 4 for every pixel in the entire image. The output of the MDBMA is obtained for further processing. Figure 1 shows the structure of MDBMA. 
Direction Based Filter (DBF)
This is the second stage of the proposed algorithm. The output of MDBMA is fed into this filter. We select a 3x3 window surrounding our processing pixel P xy ( Fig. 1(b) ). Here it finds the mean of the edge intensity differences along the four directions as shown in Fig 2. The edge difference along a particular direction is (b) (a) differences cannot be calculated the decision is made to use the modified unsymmetric trimmed mean filter (MUTMF) for that processing pixel.
Fig. 2.Four directions in Direction Based Filter (DBF)
Once it is found in which direction the maximum edge difference occurs, the intensities of both the edge pixels are compared and the lowest one is found out. This lowest edge intensity is added with the mean of the difference to give the replacing value of the processing pixel. 
Modified Unsymmetric Trimmed Mean Filter (MUTMF)
This MUTMF acts as a second stage of our proposed algorithm when the Direction Based Algorithm fails to act for a processing pixel. Figure 4 shows the structure of MUTMF. The algorithm for MUTMF works as follows:
Step 1: A 2D 3x3 window is selected with the processing pixel at its center.
Step 2: All the elements are transferred into a 1D array.
array.
Step 4: If the length of the 1D array is equal to 0. The window size is increased (3x3 to 5x5, 5x5 to 7x7 and so on). Steps 2-4 are repeated again in case of increase in window size.
Step 5: The processing pixel P xy is assigned a new value which is the mean of the 1D array.
Step 6: Move to the next pixel and repeat steps 1-5 for every pixel in the entire image. The output of this filter gives us the final pixel values after restoration. 
Cascaded Filter
The MDBMA is superior to the SMF because it only removes the corrupted pixels. Although the drawback is that in case of high density salt and pepper noise it is unable to remove the corrupted pixels. To overcome this drawback we cascade this filter with another filer for better performance. The second stage filter consists of a new algorithm that uses direction based difference method to calculate the restoration value for the noisy pixel. This filter also has a drawback that it cannot work on high density noise for which we connect a modified unsymmetric trimmed mean filter which finds the mean of the window excluding the noise pixels. In case this 3x3 window has no noise free pixel the window expands in size and keeps on growing until it finds a noise free pixel in its window. This cascaded configuration yields the highest PSNR and lowest MAE and MSE compared to the other filters as shown from Table 1 to Table 4 . In case of IEF at high noise density (above 70%) the proposed algorithm produced the highest IEF when compared to other algorithms.
The following section provides the simulation results of the proposed algorithm and compares it with other standard algorithms.
Simulation Results
The proposed algorithm was mainly tested using 512×512, 8 bits/p algorithm was also tested upon two other images, both 512×512, 8-noise. The results were compared with standard filters namely standard median filter (SMF), adaptive median filter (AMF), progressive switching median filter (PSMF), decision based algorithm (DBA), modified decision based algorithm (MDBA) and modified decision based unsymmteric trimmed median filter (MDBUTMF).
10% to 90% with a step size of 10%. Each corrupted image is passed through different filters and the proposed algorithm and performance is compared by the following parameters such as peak signal-to-noise ratio (PSNR), mean absolute error (MAE), mean square error (MSE) and image enhancement factor (IEF). Also the test performance is compared with those of the other standard filters mentioned above. Table 1 to Table 4 lists the performance measurement parameters PSNR, MAE, MSE & IEF against various level of noise density. Table 5 lists the performance of proposed algorithm and other algorithms for different images at 70% noise density. Webcamera) for different noise densities (30%, 60%, 90%). All the filters were designed in MATLAB 7.6 and the default window size taken is 3x3 unless otherwise stated. 0% noise and its restored image; (c) ) 0% noise and its restored image; (d) ) Cameraman and its restored image; (e) ) 0% noise and its restored image; (f) ) 0% noise and its restored image; (g) and its restored image; (h) Image with 60% noise and its restored image; (i) 0% noise and the restored image; 
Conclusion
A new improved algorithm has been proposed that increases the efficiency of the removal of salt and pepper noise. Results of this algorithm exhibit better performance in comparison with SMF, AMF, PSMF, DBA, MDBA and MDBUTMF in terms of higher PSNR, MSE and MAE. The proposed algorithm also shows consistent and stable performance across a wide span of noise densities varying from 10%-90%. The proposed algorithm shows better image enhancement factor (IEF) for salt and pepper noise of density more than 70%. As a future work the proposed algorithm can be further improved by implementation of de-blurring techniques, use of neural networks or fuzzy logic for improving the restoration outputs and also to remove other types of noise such as speckle noise, random noise, Rayleigh noise, Gaussian noise, etc.
